ABSTRACT: Frisol forte (FR F) and Frisol active (FR A) are slow-acting organic fertilisers recommended for reclamation and revitalisation of undeveloped soils and degraded areas. Tentative results of experiments carried out with these products on spoil banks in the CR showed controversial reactions of plants -on the one hand a high mortality of seedlings and a very good growth on the other. Reasons for these disproportions projecting themselves into the welfare of woody plants probably lie in an incorrect dosage of products. Thus, a special long-term experiment was established with the objective to find an optimal dosing to be used in practice for the reclamation process on spoil banks. By the method of measuring and statistical evaluation of height and stem diameter growths it was discovered that the best results were achieved by the combined use of both products with a dosage in the range of 30-60 g FR F + 250 ml FR A/5 l of water/10 seedlings. The discovered dosage is lower than that indicated by the manufacturer and literature. The application of granulated FR F alone was not so effective. The best dosage in this case was also 60 g/seedling. A disadvantage of using the combination of both types of Frisol is that the water required for dissolving the FR A liquid concentrate is not always available in the location being reforested.
JOURNAL OF FOREST SCIENCE, 53, 2007 (1): 35-40 Frisol is the registered trademark for a method as well as components designed for biological reclamation and revitalisation of undeveloped soils and degraded areas. Frisol forte and Frisol active are the most frequently used components. As stated by their manufacturer (www.gebruederfriedrich.de), they are organic fertilisers with a long-term effect on soil improvement. Frisol forte contains 80% of dried and granulated biomass of soil microorganisms, e.g. Penicillium chrysogenum. The product contains 8% N, 2% P 2 O 5 , 2% K 2 O, microelements and vitamins. It is recommended in doses of 100-300 g/m 2 . Frisol active is a liquid product containing 50% of organic substances (sugar-phosphoramide), a total of 9% N and 11% P 2 O 5 . Its pH value is 1.5. The water dilution ratio is 1:20 and the manufacturer recommends doses of 50-150 g/m 2 . The products were tested abroad on tree species set out in extreme climatic and soil conditions. Eckmüllner (1995) reported that Frisol improved the growth of spruce plants in dry locations with shallow soils. Fuchs (1995) stated that the optimal doses for reforestation in high-elevation areas were in the range of 100-150 g of Frisol F per seedling and 100 g of Frisol F per seedling planted in undeveloped soil. It is recommended to repeat fertilisation after two years. The manufacturer provides information on the use of Frisol in various countries (www.gebruederfriedrich. de). In the Czech Republic, Bulíř (2005) carried out experiments with these products for reclamation of spoil banks. The first results of these experiments showed that Frisol applied in higher doses and to heavier soils dramatically increased the mortality of seedlings. The same doses applied to lighter soils slowed down the survival process of seedlings, however, they improved their growth in the following years. The diverse reactions of plants to Frisol led to a special experiment, the objective of which was to look for an optimal dose of Frisol in respect of its effects on the survival rate and growth of seedlings. This paper provides information on the results of the experiment.
MATERIAL AND METHODS
The European ash (Fraxinus excelsior L.) was selected as a model tree species. The experiment tested Frisol forte (FR F) and Frisol active (FR A). In addition to these two types of product, the pellet fertiliser Silvamix forte (SF) and combined mineral fertiliser Cererit (CE) were used to compare the effects of Frisol.
The experiment was established on Prunéřov spoil bank near the town of Chomutov. European ash seedlings (2/0) were pricked out in rows 2 m × 1 m in autumn 1997. The location is situated in the moderately warm B3 climatic zone, with a long-term average annual air temperature of 8.2°C, and an average annual precipitation level of 422 mm. The basic monthly data on temperatures and precipitation levels measured at the nearest weather station during the experiment provided by the Czech Hydrometeorological Institute in Prague is shown in Tables 1 and  2 . The substrate was formed of grey clay with a heavy mix of porcelainite and gravel. The soil profile showed a grey clayish soil with no distinct fraction of humus at 0-2 cm; at 2-15 cm, there was a ferruginous-grey clayish soil with a distinct fraction of porcelainite and gravel with various grading, along with the coal detritus. Below this level, there was a mixture of ferruginous-grey up to ferruginous-white firm-to-loose clay, grey clay shale, and a minor fraction of coal (1980) and Soukup et al. (1987) at the beginning of the experiment are shown in Tables 3 and 4. A randomised block design with four replications was used on the experimental plots. Ten seedlings were planted on each plot (experimental variant). All products were applied to plants in spring 1998, six months after planting. The doses of single products are shown in Table 5 . Granulated products (FR F, CE) were evenly scattered around each planting hole and then slightly forced into the soil with a hoe. Two SF pellets were put into four notches made in a regular pattern around the holes by the planter. Frisol active (FR A) was water-diluted and then applied to seedlings after the application of FR F. Until 2003, weeds around the plants were mown and the plants were hoed twice a year, and in autumn the plants were treated with a repellent protecting them against animals. Moreover, the ash plants were fertilised. NPK fertiliser dose 3 g/plant was used during hoeing in 2001 and the same kind of fertiliser dose 15 g/plant was used in 2004.
The method of measuring the total annual height and stem diameter growth at the end of each vegetation period was used to evaluate the effects of the products on plants. A measuring stick was used to measure terminal shoots. The stem diameter was measured with a slide gauge 5 cm above the root collar. The acquired data was analysed by two-way analysis of variance (ANOVA). Statistically significant differences were evaluated by Multiple Range Tests using the significance level p < 0.05. Statgrafic plus, version 1, programme was used.
RESULTS AND DISCUSSION

Survival rate of seedlings
The products were applied in spring 1998, half a year after planting. No mortality of plants was identified in the course and at the end of the vegetation period. The first losses were discovered in 1999, when animals destroyed two plants. In the following years, the number of living ash-trees dropped slightly -due to animals, and because some plants were destroyed by motor mowers while mowing weeds. After seven years, the mortality of tree plants was about 9% -see Table 6 . However, the tested products in the doses used did not contribute to the mortality of planted seedlings in any case. Mortality was neither caused by extraordinarily warm and dry April and May in 1998 (Tables 1 and 2 ), when the fertilisers were applied to young ash-trees or when they started taking effect on them. From this aspect, the tested doses can be considered suitable for and quite harmless to the healthy development of plants. Observations of mortality criteria confirmed earlier findings (Bulíř 2005) -the application of Frisol in lower doses or within a certain time after planting was more ben- 
Growth parameters
The basic growth parameters of ash-trees indicating the effects of various doses of Frisol in 1998 Frisol in -2004 are shown in Tables 7 to 9. The effects of the various doses and the combination of two types of Frisol on height growths manifested themselves with a higher statistical significance in the second year after the application. The longest average terminal shoots were measured for the combination of both granulated (FR F) and liquid (FR A) Frisol. This trend was even apparent in the third year, although the length of growths declined. Then, the dose of FR F 30 g + FR A 250 ml/5 l of water/10 seedlings showed itself the best of three such combinations. The growth effect of different doses of granulated FR F was lower and statistically significant only for the dose of 60 g/seedling. The pellet SF fertiliser increased the statistical significance of the better growth in the second year only, however, the growths were lower in comparison with the FR combinations. In the following years, the statistical significance of ash-trees treated with SF never surpassed the annual growth of terminal shoots of the control plants. The same also applied to ash-trees on the CE-treated plots, whose growth statistical significance never surpassed the growth of ash-trees on the control plots. The growth of terminal shoots in 2000 was low in all the variants (Table 7). It was probably caused by higher temperatures between April and June (during intensive growth) and by low precipitation -see Tables 1 and 2 . Substantially better growth was measured in 2001 although the precipitation levels were low. The effect of the spring fertilisation with mineral NPK was evident on plants in all the variants. The ash-trees treated with the combination of FR F and FR A had the longest growths, becoming statistically significant for the dose of 60 g of FR F and 250 ml of FR A. This also occurred in 2004 after another additional fertilisation (Table 7) .
The criterion of the overall growth of plants (Table 8) documents the fact that the combinations of both types of FR are the most effective. Before the ad- Of all the tested doses, the mentioned ones proved to be the best. Ash-trees with this treatment surpassed the height of control plants by 20 cm in seven years (31%). When granulated FR F was applied alone, the dose of 60 g per plant showed itself the most statistically effective during the whole experiment. No higher or lower doses were demonstrative. The experiment proved that even lower doses than those recommended for extreme conditions, e.g. Fuchs (1995) and the manufacturer (www. gebruederfriedrich.de), are good for the growth of plants in anthropogenic soils. A statistically significant improvement of diameter growth as well as of height growth occurred in the second year after the application of products (Table 9). The best results were achieved with combinations of both types of FR. The best stem diameter growth of plants on these plots was maintained till the end of the experiment. The measurement differences between single doses were only negligible. It means that even lower doses of 30 g or 60 g FR F + 250 ml FR A are sufficient for stems to keep growing well and thicker. The dose of 120 g FR F + 250 ml FR A shows itself to be a luxury. The stem growing of plants treated with the pure granulate (FR F) was slightly slower in comparison with the combinations. The statistical significance of the better stem growing is apparent only with the dose of 60 g FR F. Roughly the same effect was identified on the plots treated with SF. The fertilisation with CE had no impact on the stem growth. The effect after the additional fertilisation with NPK in 2001 and 2004 was not so spontaneous as it was in the case of height growths.
CONCLUSION
The long-term experiment established on Prunéřov spoil bank with the objective of determining the did not result in a stronger growth response in this combination. The statistically more significant height and diameter growths did not show themselves in the first year after the application, but as late as in the second year and they persisted during the whole experiment. After seven years the plants treated with the combination of both FR in the determined optimal dosing were one third higher than ash-trees on the control plots. The application of the granulated Frisol F alone shows a lower growth effect than the combination of the granulated and liquid FR. Statistically significant was only the dose of 60 g/plant. However, the advantage of FR F is better manipulation with doses and independence on water availability needed for FR A dilution. This fact may become crucial in the decision whether to use the FR A/FR B combination or FR F alone simply because the source of water need not always be available on the location to be re-forested. The growth effects of the SF and CE application never surpassed those of the FR combinations.
